INTRODUCTION
Hydrocephalus is a neurological condition that occurs when there is an abnormal accumulation of cerebrospinal fluid within the ventricles and/or the subarachnoid space of the brain. Hydrocephalus causes raised intracranial pressure and can distort the surrounding brain tissue. The condition can result from an overproduction of cerebrospinal fluid, an obstruction of the cerebrospinal fluid flow, or a failure of the structures of the brain to reabsorb the fluid. Hydrocephalus can be present at birth (congenital hydrocephalus) or acquired after birth from a variety of causes. Hydrocephalus can be caused by spina bifida but is also associated with other conditions such as meningitis and premature birth. The effects of hydrocephalus on child functioning vary considerably and depend on the areas of the brain most affected. These effects can include impaired fine motor skills, executive functioning, learning, attention, and behavior (Tew, 1991) .
There is evidence that children with hydrocephalus are at increased risk of range of behavioral problems. Some studies suggest that only when hydrocephalus is associated with mental retardation is an increase found in such behaviors as hyperactivity (Femell et al., 1991a) and autistic-like behavior (Femell et al., 1991b) . A more recent study, however, has suggested that a wide range of children with hydrocephalus are at risk of elevated behavior problem scores (Fletcher et al., 1995) . This study also demonstrated that the behavior problems (particularly those related to attention) were more common in more severely affected hydrocephalic children amongst a sample of very low birth weight infants (<1750g) (Fletcher et al., 1997) .
These studies therefore indicate that a particular feature of the behavioral profile in children with hydrocephalus is the presence of hyperactivity. This is a behavioral style characterized by inattention, impulsivity, and overactivity (Taylor, 1999 (Kuntsi & Stevenson, 2000 Delay Aversion Task. This task uses a computer to present a game in which the child has to destroy enemy spacecraft by the child clicking on the mouse. The aim was to score as many points as possible and to motivate the child, the tester tells the child that (s)he will receive a small prize (a pen) at the end. For each of the 20 trials, the child has to choose between a small immediate reward (which gives a score of one point) and a delayed reward (score of three points). The test-re-test reliability of the measure has been found to be good . For the present analysis, the tester's ratings of the child's behavior whilst waiting for the delayed reward (on a three-point scale) were used as an index of aversion to delay.
1Q. The following four sub-tests of the WISCIll R (Wechsler, 1992) were used to obtain a prorated full-scale IQ: comprehension, information, block design, and picture completion.
Hyperactivity. Hyperactivity was measured based on the parent's report. The parents completed the Strengths and Difficulties Questionnaire (Goodman, 1997) . This questionnaire is a wellvalidated measure that includes a hyperactivity subscale that provides a score for the degree of hyperactivity shown by the child.
RESULTS
What is the degree of hyperactivity associated with hydrocephalus?
The mean score for participants with hydrocephalus and normally developing controls on the four sub-scales ofthe SDQ are presented in Table 1 . Is the degree of hyperactivity the same for hydrocephalus alone and for hydrocephalus with spina bifida?
The above result compared participants with hydrocephalus alone with normally developing controls. Table 2 shows that in participants with hydrocephalus associated with spina bifida, the hyperactivity scores are significantly greater than those in normally developing controls. In addition, participants who were born prematurely also have significantly elevated levels of hyperactivity. Although the effect of hydrocephalus on hyperactivity is similar for hydrocephalus alone and hydrocephalus plus spina bifida, the subsequent analyses were restricted to the hydrocephalus alone participants to test for effects using a more etiologically homogeneous group. Does this association remain when the effects of premature birth are taken into account?
Because hydrocephalus can be associated with premature birth, this finding raises the possibility that it is not hydrocephalus but premature birth that carries the risk of later hyperactivity. Accordingly, an analysis of the effects of prematurity and of hydrocephalus on the mean hyperactivity scores for children under the age of 12 years (prematurely born adolescents were not included in the study) is presented in Table 3 . The children with hydrocephalus are divided into those Third, although we have shown that the DPM can account for the elevated levels of hyperactivity in children and adolescents with hydrocephalus, the generalizability of the DPM needs to be examined in other groups having a high risk of ADHD or with elevated levels of hyperactivity. One such group comprises children raised in institutional settings whose behavioral profiles arise from adverse early experiences. There is evidence from children born in the U.K. (Hodges & Tizard, 1989) and Romania (Kreppner et al., 2001 ) that institutional rearing carries an increased risk of hyperactivity. It would be of considerable interest to establish whether the DPM can also account for elevated rates of hyperactivity in children with these early averse experiences.
These limitations do not detract from the conclusion that for children and adolescents with hydrocephalus, their levels of hyperactivity arise from the same two pathways that are responsible for hyperactive behavior in the general population.
It appears that DPM is a powerful but parsimonious account of the processes within the child that lead to hyperactive patterns of behavior.
